INTRODUCTION
Human papillomavirus (HPV) is the most common sexually transmitted infection. HPV is associated with cervical cancer in women, though it is increasingly recognised that HPV causes a substantial disease burden in men also, including genital warts, penile cancer, anal cancer and head-and-neck cancer. 1 The prevalence of HPV and the burden of HPV-related cancers vary across populations. In sub-Saharan Africa, the rates of penile and cervical cancer are among the highest worldwide, 2 which is possibly related to the high prevalence of both HPV and HIV, and also to the lack of effective screening programmes.
More than 120 types of HPV exist and these are divided into high-risk (HR) and low-risk (LR) types depending on their oncogenic potential.
3 HPV16
and HPV18 are the most important HR HPV types accounting for the largest numbers of HPV-related cancers worldwide: HPV16 and HPV18 are the most common HPV types in penile cancer and cervical cancer 4 5 and, furthermore, HPV16 is the most common HR HPV type detected in head-and-neck cancer. 6 Two prophylactic vaccines against HPV have been developed: the quadrivalent HPV vaccine targeting HPV6/11/16/18 and the bivalent targeting HPV16/18. Furthermore, a ninevalent HPV vaccine targeting HPV6/11/16/18/31/ 33/45/52/58 is currently under development. The quadrivalent HPV vaccine has been shown to prevent HPV infection in men and to be highly immunogenic in HIV-positive men. 7 The large burden of HPV-related disease in sub-Saharan Africa underlines the importance of estimating the HPV prevalence in this region. Furthermore, this will increase the understanding of the natural history of HPV across populations. Previous reviews of HPV prevalence among men included only three studies or fewer from sub-Saharan Africa. 8 9 We performed a systematic review and meta-analysis to summarise the available data on the overall, type-specific and age-specific prevalence of genital HPV DNA among men in sub-Saharan Africa.
MATERIAL AND METHODS Search strategy
The study was conducted in accordance with the PRISMA guidelines. 10 We searched PubMed and Embase up to 10 March 2014 using search terms (MeSH terms or subject headings, and free text) for HPV, prevalence, men and countries in sub-Saharan Africa (see online supplementary appendix A). The searches were restricted to English language publications. There were no publication date restrictions. We identified 120 records in PubMed and 50 records in Embase; in total 170 records (see online supplementary figure S1). After removal of duplicates (n=43), all abstracts (n=127) were reviewed independently by two authors (TBO and CM). Altogether 85 papers were excluded based on abstract reviews. Full-text copies of potentially relevant papers (n=42) were obtained and reviewed independently by two authors (TBO and CM). Furthermore, reference lists of all full-texts articles were searched, although this did not result in any additional papers. Any inconsistencies in the identification of potentially relevant papers were discussed to reach consensus. Of these 42 papers, 31 were excluded based on the full-text.
Eligibility criteria
Studies reporting genital HPV DNA prevalence among study populations including more than 20 men in sub-Saharan Africa were eligible. Eligible samples included scrape or swab specimens from the male genital area including the urethra, glans, shaft, scrotum and perineum. Studies were restricted to those detecting HPV DNA using PCR-based methods or non-PCR-based methods (eg, Hybrid Capture 2) because of the lower sensitivity and specificity of other DNA detection methods.
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Data extraction
For each study we extracted the following information: first author and year of publication; country; year of study; description of study population; presence of symptoms; sample size; age (mean/median/range); anatomical site for specimen collection; circumcision status; HIV status; HPV DNA detection method; prevalence of any HPV and/or HR HPV; type-specific prevalence of the HPV types included in the nine-valent HPV vaccine (HPV6/11/16/18/31/33/45/52/58); and age-specific prevalence of any and/or HR HPV when available. Presence of symptoms was defined as studies where the majority of the men had symptoms of HPV infection ( presence of genital warts or men attending an STD clinic). When published results were presented only graphically, prevalence was read off from these graphical representations (in two studies). 12 13 Study populations described in more than one paper were included only once and data from the paper with the most detailed information were used. Studies were grouped into subregions of sub-Saharan Africa (eastern Africa, middle Africa, southern Africa and western Africa) as defined by the United Nations geoscheme for Africa. 14 
Statistical analysis
For each study, the overall prevalence of any HPV and HR HPV, the prevalence of any HPV and HR HPV in relation to circumcision status and the type-specific prevalence of HPV6/11/16/18/ 31/33/45/52/58 were tabulated. The prevalence of any HPV and HR HPV in relation to HIV status and the age-specific prevalence of any and/or HR HPV and 95% CIs was displayed graphically.
The pooled prevalence of any HPV and/or HR HPV and 95% CIs was estimated using the DerSimonian and Laird random effects method for meta-analysis 15 in relation to the a priori defined study-level variables: HPV DNA detection method (PCR, non-PCR), anatomical site for specimen collection (urethra only, other penile sites) and presence of symptoms (yes, no).
The pooled prevalence of any and/or HR HPV in relation to the a priori defined individual-level variables HIV status (HIV-negative, HIV-positive) and circumcision status (circumcised, uncircumcised) was estimated using random effects meta-analysis of single proportions by applying the Freeman-Tukey Double arcsine transformation and the DerSimonian-Laird estimator to estimate the between-study variance. 15 In these analyses, only studies that had data for each category of the variable (eg, HIV-positive and HIV-negative) were included. Meta-regression was performed and the univariable models were evaluated from the p value for the test of moderators.
For the above analyses, between-study heterogeneity was evaluated using I 2 and the p value for heterogeneity (Cochrane's Q statistic). 16 Data were analysed using the statistical software STATA V.11.2 (StataCorp, Texas) and R V.3.0.1 and the package meta 2.4.1. 17 
RESULTS
Description of studies
From the systematic review, we identified 11 studies comprising 9342 men examining the prevalence of HPV DNA among men in sub-Saharan Africa. These studies included six cross-sectional studies [18] [19] [20] [21] [22] [23] and five randomised controlled trials (RCTs) in which HPV prevalence were obtained either at baseline 12 13 24 25 or at follow-up 26 (table 1) . All identified studies were from southern Africa (n=6) or eastern Africa (n=5). Altogether six studies were from South Africa, 13 18 20 21 25 26 two studies were conducted in Kenya 12 19 and three studies were from Rwanda, 22 Tanzania 23 and Uganda, 24 respectively. No studies from western Africa or middle Africa were identified. In the two RCTs of male circumcision from which baseline data were obtained, 12 24 all study participants were uncircumcised. In all other studies, the circumcision prevalence ranged from 7.2% to 96.6%. 13 19-23 26 The RCT of male circumcision conducted in Kenya 12 included only HIV-negative men and one study from South Africa comprised only HIV-positive men. 21 For the remaining studies, the prevalence of HIV ranged between 2% and 49.5%. 13 18-20 22-24 26 In three studies, 18 20 21 the majority of men had symptoms of HPV infection: Müller et al included 214 sexual health clinic attendees of whom 108 had ano-genital warts, 20 in the study by Firnhaber et al all men (n=74) had penile warts 21 and Vogt et al included 34 men attending an HIV testing centre. 18 One study sampled exfoliated cells from the urethra only, 26 while the remaining studies sampled other penile sites (eg, glans, coronal sulcus and shaft). 12 13 18-25 For the detection of HPV DNA, 10 studies used PCR-based methods 12 13 18-22 24-26 and one study used a non-PCR-based method (Hybrid Capture 2) 23 (table 1) .
Prevalence of HPV
In 21 The lowest HPV prevalence was seen in the study by Auvert et al sampling the urethra only 26 and in the study by Olesen et al using a non-PCR-based method. 23 The highest HPV prevalence was observed among HIV-positive men. 21 In PCR-based studies, the pooled prevalence was 61.1% (95% CI 44.1 to 78.1) for any HPV and 41.6% (95% CI 23.3 to 60.0) for HR HPV using random effects meta-analysis. Among men with symptoms of HPV infection, the pooled prevalence of any HPV was 79.0% (95% CI 60.8 to 97.3) and 46.0% (95% CI 27.7 to 64.3) among asymptomatic men (p=0.0425). In studies sampling other penile sites (eg, glans, coronal sulcus and shaft), the pooled prevalence of any HPV was 61.3% (95% CI 44.7 to 77.8) (data not shown).
In all studies, the prevalence of any HPV and HR HPV was higher among HIV-positive men than among HIV-negative men (figure 1 and online supplementary table S1). Using random effects meta-analysis, the pooled prevalence of any HPV was 78.2% (95% CI 54.2 to 91.6) among HIV-positive and 49.4% (95% CI 30.4 to 68.6) among HIV-negative men ( p=0.0632). The pooled HR HPV prevalence was 58.6% (95% CI 21.0 to 91.0) among HIV-positive and 25.0% (95% CI 10.5 to 43.2) among HIV-negative men (p=0.0503). In PCR-based studies, Although based on few studies (n=5), the HPV prevalence appeared to be higher among uncircumcised men than circumcised men (see online supplementary table S2), and this was observed in the random effects meta-analysis also (uncircumcised men 70.4%; 95% CI 46.6 to 89.5 vs circumcised men 57.0%; 95% CI 37.4 to 75.4; p=0.4059 for any HPV) (data not shown).
The type-specific prevalence of HPV6/11/16/18/31/33/45/52/ 58 is shown in table 2. Among the HR HPV types, HPV16 was the most common type in six studies 12 13 19 21 24 26 and among these HPV52 was the second most common type in three studies. 12 19 21 In two studies, HPV52 was the most frequent type followed by HPV16. 23 25 HPV6 was the most common LR HPV type in all studies, 13 19 21 23 25 26 except one in which HPV11 was more common than HPV6. 24 Only six studies 12 13 19 20 23 24 provided data on age-specific HPV prevalence. Of these, two studies 23 24 had information on age-specific HPV prevalence stratified by HIV status and one study included only HIV-negative men. 12 In figure 2 (and online supplementary table S3) the overall age-specific HPV prevalence is shown. No clear trend in the overall age-specific prevalence of HPV was seen; Ng'ayo et al found a high HPV prevalence (61%-64%) in the youngest age groups (18-30 year olds), then a decrease to 44% in 31-40 year olds followed by a slight increase to 54% in men above 40 years old, 19 while Müller et al reported a slight increase in the prevalence of any HPV from 72% among 18-29 year olds to 83% among men ≥40 years old. 20 In the studies stratifying by HIV status, Olesen et al reported a flat prevalence curve for any HPV among HIV-negative men (17%-26% HPV-positive in all age groups) and an increase in the prevalence of any HPV among HIV-positive men (from 22% in 25-29 year olds to 52% in men ≥50 years old). 23 Among HIV-negative men, Tobian et al found a HR HPV prevalence of 29% among 15-19 year olds, then a peak HR HPV prevalence in the age group 20-24 years old (48%) and a subsequent decline to 29% in men ≥35 years old, while among HIV-positive men a more constant and high HR HPV prevalence was seen in all age groups (71%-87%) 24 (data not shown).
DISCUSSION
In this systematic review and meta-analysis, we found that HPV is very common among men in sub-Saharan Africa, the prevalence of any HPV ranging between 19.1% and 100%. Using random effects meta-analysis, the pooled prevalence of any HPV was 78.2% among HIV-positive and 49.4% among HIV-negative men ( p=0.0632). In PCR-based studies, the pooled prevalence of any HPV was 84.5% among HIV-positive and 56.4% among HIV-negative men ( p<0.0001). Of the HPV types included in the nine-valent HPV vaccine, the most common HR HPV types were HPV16 and HPV52, and HPV6 was the most common LR HPV type. When examining the prevalence of HPV in relation to age no clear trend was observed.
The worldwide HPV prevalence among men varies widely: in a systematic review, Dunne et al found that the worldwide HPV prevalence ranged between 1.3% and 72.9% among men; however, the review excluded immunosuppressed individuals (eg, HIV-positive individuals) and no studies from sub-Saharan Africa were included. 9 Smith et al reported that the worldwide table S1 for the exact numbers used in the graph. *For each study, numbers in bold identify the most frequent HPV type (LR HPV types) or the two most frequent HPV types (HR HPV types). †For HPV31 N=513, for HPV33 and HPV58 N=515, for HPV45 N=514, and for HPV52 N=516. ‡Type-specific prevalence among HR HPV-positive men. §Number of HPV-positive with a result from the LiPA test (n=317 for any HPV and n=257 for HR HPV). HPV, human papillomavirus; HR, high-risk; LR, low-risk; NA, not available.
HPV prevalence ranged from 2% to 93% among high-risk men (STI clinic attendees, HIV-positive men, etc) and from 1% to 84% among low-risk men (all other men). 8 Vardas et al reported that the overall HPV prevalence was 21.2% among men from five continents with the highest HPV prevalence among men in Africa and lowest in the Asia-Pacific region, which was exemplified by the HPV16 prevalence data (Africa 4.4% vs Asia-Pacific region 0.8%). 25 The differences in HPV prevalence across populations could reflect differences in sexual behaviour. In the literature on HIV infection it is discussed that the particularly high HIV infection rates seen in some African populations could be explained by a higher prevalence of concurrent sexual partnerships. 27 28 Similar to the spread of HIV infection, many concurrent sexual partnerships may increase the risk of acquiring HPV and transmitting HPV infection. Other risk factors known to be associated with HPV could explain differences in HPV prevalence across populations, for example, male circumcision, a high number of sexual partners and sexual contact with prostitutes. Furthermore, the high prevalence of HIV and other sexually transmitted infections could increase the occurrence of HPV infection.
Among women, Bruni et al found that the estimated global HPV prevalence is 12% 29 with a higher HPV prevalence in developing countries than in developed countries. The HPV prevalence among women in sub-Saharan Africa is approximately 24% and, in particular, a high HPV prevalence is observed in Eastern Africa (34%). 29 A high HPV prevalence is thus observed both among men and women in sub-Saharan Africa. The meta-analysis by Bruni et al was restricted to HIV-negative women with normal cytological findings, which may account for the higher HPV prevalence observed among men than among women.
We found that the pooled prevalence of any HPV was higher among HIV-positive than among HIV-negative men and in PCR-based studies, this difference was statistically significant. Generally, PCR-based methods are more sensitive 11 than non-PCR-based methods and a higher HPV prevalence is to be expected. The higher prevalence of HPV among HIV-positive men may be due to immune suppression, which can lead to increased acquisition of HPV infections. Moreover, HIV-positive men have been found to have a significantly lower rate of clearance of HR HPV infections than HIV-negative men. 30 It has also been suggested that HIV infection may increase reactivation of latent HPV infections and also leads to a higher degree of persistent infections. 31 With increased acquisition, reduced clearance of HPV and increased persistence of HPV infections, HIV-positive individuals may be at an increased risk of developing cancer and precancerous lesions. Recent studies have also suggested that HPV infection may increase the risk of acquisition of HIV infection. 32 Although based on few studies, the prevalence of HPV appeared to be higher among uncircumcised than among circumcised men. This is in line with a recent meta-analysis demonstrating that circumcised men were less likely to have prevalent genital HPV infection than uncircumcised men (pooled OR=0.57; 95% CI 0.45 to 0.71). 33 Similarly, RCTs conducted in sub-Saharan Africa demonstrated that male circumcision reduced the prevalence of penile HR HPV infection among HIV-negative and HIV-positive men, [34] [35] [36] reduced the acquisition of new HR HPV infections and increased clearance of pre-existing HR HPV infection in HIV-negative men. 37 The proposed biological mechanisms for this association is that the keratinised skin surface and scar formation after male circumcision reduces viral access to the basal epidermal cells which are target cells for HPV infection. 38 Furthermore, the moist environment under the foreskin in uncircumcised men may increase HPV viral persistence. 39 Of the HPV types included in the nine-valent HPV vaccine, the two most common HR HPV types were HPV16 and HPV52, and HPV6 was the most common LR HPV type. Studies conducted among men in other parts of the world, for example, in Europe, have similarly reported HPV16 as being the most common HR HPV type among men. 25 40-42 HPV52 is often reported as being particularly frequent in sub-Saharan Africa; for example, the meta-analysis by Bruni et al 29 of the HPV prevalence among women worldwide showed that HPV52 was more common in Africa (2.4%) than in Europe (0.4%). HPV52 belongs to the α 9 species group, together with HPV16, Figure 2 Overall age-specific prevalence of any and/or high-risk human papillomavirus (HR HPV) and 95% CIs among men in sub-Saharan Africa*, †, ‡, §. *When estimates were presented for an age group, the mean of the age range was used for graphical presentation of data points; †For Tobian et al 24 the age-specific prevalence of HR HPV is shown, while for all other studies the age-specific prevalence of any HPV is shown; ‡For Smith et al 12 the estimates presented for the glans specimen were used; §Please see online supplementary table S3 for the exact numbers used in the graph.
and is thus considered an important HR HPV type in carcinogenesis to humans. 43 Nonetheless, HPV16 and HPV18 account for the largest number of HPV-related cancers worldwide as these are the most common HR HPV types in penile cancer and cervical cancer, 4 5 and in head-and-neck-cancer. 6 There was no clear trend in the age-specific HPV prevalence among men in sub-Saharan Africa, although there was a tendency towards a relatively flat age-specific HPV prevalence curve as also reported in some studies from other parts of the world. 8 In contrast, among women the HPV prevalence often peaks in the younger age groups followed by a decline. 29 44 In some studies, a second peak in older women has been observed, in particular in populations in South America and in some parts of Africa. 29 45 The relatively flat age-specific prevalence curve observed in men may reflect differences in the natural history of HPV among men and women or differences in exposure to HPV infection. HPV infections may be less likely to persist in men than in women possibly due to differences in the epithelial lining of the penis and the cervix and, therefore, the observed HPV prevalence among men may reflect the continued acquisition of new infections rather than persistent infections.
The strength of the study is the thorough literature search aiming at identifying all studies reporting data on HPV DNA prevalence among men in sub-Saharan Africa. A limitation of the study is that due to a relative low number of included studies, the pooled prevalence estimates are more prone to the variation between the studies which is also reflected in the tests for heterogeneity. A further limitation is that due to a large degree of heterogeneity, no overall pooled HPV prevalence for all studies was calculated; instead, we calculated pooled HPV prevalence for different subgroups. Furthermore, for most studies, the age-specific HPV prevalence was not stratified by HIV status and therefore the overall age-specific HPV prevalence is presented. In addition, not all studies had information on the type-specific prevalence of the HPV types included in the nine-valent HPV vaccine.
In conclusion, we conducted a systematic review and meta-analysis to examine the HPV prevalence among men in sub-Saharan Africa. The HPV prevalence varied substantially between studies. The pooled prevalence of any HPV was higher among HIV-positive than HIV-negative men, in particular in PCR-based studies. The most common HR HPV types were HPV16 and HPV52, and HPV6 was the most common LR HPV type. These estimates show that the burden of HPV infection is high among men in sub-Saharan Africa, which together with the lack of effective screening programmes could explain the high rates of penile and cervical cancer in this part of the world. Implementation of the prophylactic HPV vaccines could potentially prevent this large burden of HPV in sub-Saharan Africa.
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